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Cervical cancer screening aided by artificial intelligence, China
Xingce Zhu,? Qiang Yao,” Wei Dai,? Lu Ji? Yifan Yao,* Baochuan Pang,c Bojana Turic,® Lan Yao® & Zhiyong Liu®

Objective To implement and evaluate a large-scale online cervical cancer screening programme in Hubei Province, China, supported by
artificial intelligence and delivered by trained health workers.

Methods The screening programme, which started in 2017, used four types of health worker: sampling health workers, slide preparation
technicians, diagnostic health workers and cytopathologists. Sampling health workers took samples from the women on site; slide preparation
technicians prepared slides for liquid-based cytology; diagnostic health workers identified negative samples and classified positive samples
based on the Bethesda System after cytological assessment using online artificial intelligence; and cytopathologists reviewed positive
samples and signed reports of the results online. The programme used fully automated scanners, online artificial intelligence, an online
screening management platform, and mobile telephone devices to provide screening services. We evaluated the sustainability, performance
and cost of the programme.

Results From 2017 to0 2021, 1 518 972 women in 16 cities in Hubei Province participated in the programme, of whom 1 474 788 (97.09%)
had valid samples for the screening. Of the 86 648 women whose samples were positive, 30 486 required a biopsy but only 19 495 had
one. The biopsy showed that 2785 women had precancerous lesions and 191 had invasive cancers. The cost of screening was 6.31 United
States dollars (US$) per woman for the public payer: US$ 1.03 administrative costs and US$ 5.28 online screening costs.

Conclusion Cervical cancer screening using artificial intelligence in Hubei Province provided a low-cost, accessible and effective service,
which will contribute to achieving universal cervical cancer screening coverage in China.

Abstracts in G 13, Franais, Pycckuii and Espaiiol at the end of each article.

Introduction

Cervical cancer is a threat to women’s health. According to data
released by the International Agency for Research on Cancer,
the cancer research agency of the World Health Organization
(WHO), 0.6 million women worldwide were diagnosed with
cervical cancer and 0.3 million died from cervical cancer in
2020." These numbers represent 3.1% of all newly diagnosed
cancers worldwide (making cervical cancer the ninth leading
cancer diagnosis), and 7.7% of global female cancer deaths
(making this cancer the fourth leading cause of death in
women).! WHO released the Global strategy to accelerate
the elimination of cervical cancer in 2020, with the goal of
eliminating cervical cancer (a rate of fewer than 4 cases per
100 000 women) by 2030. One of the targets is that 70% of
women are screened with a high-performance test by 35 years
of age, and again by 45 years of age. Thus far, 194 countries,
including China, have made the commitment to eliminate
cervical cancer.”?

In contrast to developed countries, where the incidence
of cervical cancer is low and prevention is the primary focus,
low- and middle-income countries, such as China, are still
far from achieving this goal,* and many women are still not
screened or are under-screened.”'° However, the costs of
deoxyribonucleic acid (DNA) detection of human papilloma-
virus in large populations and the expansion of the cervical
cancer vaccine, which are the main cervical cancer preven-
tion measures in developed countries,'" are high. Therefore,
the use of relatively inexpensive cytology methods with good
sensitivity and specificity is needed to achieve universal and
reliable screening coverage in large populations in low- and

middle-income countries. WHO has also suggested that cyto-
logical techniques still play an important role in screening and
triage.'>"* However, the widespread use of cytology in China is
restricted by the lack of trained cytopathologists and dedicated
laboratories.'** Furthermore, differences in proficiency of
cytopathologists and the difficulty in maintaining diagnostic
consistency among the limited number of cytopathologists
lead to inconsistencies in the quality of diagnosis.'* Resolving
all these problems is important to facilitate the use of cytology
in screening.

The need for improved digital health in remote and de-
prived areas of China has recently been highlighted.'*® The
National Health Commission is encouraging the incorporation
of emerging artificial intelligence and internet technologies in
screening to enhance cervical cancer prevention and treat-
ment.”” As machine learning develops, artificial intelligence
has advantages in cervical cytology'****' and colposcopy,*
and will gradually outperform human clinicians in performing
these procedures.”>”” WHO has also suggested that artificial
intelligence can advance the screening process."” Preparation
and interpretation of cervical cell slides using artificial intel-
ligence can replace or assist cytopathologists, which addresses
the problem of a lack of experienced medical personnel in
screening.'***212%% In addition, improved access to health-
care services in remote areas and lower health-care costs are
both made possible by the internet, cloud computing and
mobile devices.""*

Based on the above-mentioned feasibility studies and
policies, we implemented an online cervical cancer screen-
ing programme aided by artificial intelligence in Hubei
Province, China. This programme aimed to: increase access
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Box 1. Institutions and staff involved in the online cervical cancer screening programme,
Hubei Province, China, January 2017-December 2021

Rural and urban health centres, and local maternal and child health hospitals

Sampling health workers

- Main tasks: collect identity information and cervical exfoliated cells from the women.

Landing Artificial Intelligence Industry Research Institute

Slide preparation technicians
- Main tasks: prepare slides for diagnosis.
Diagnostic health workers

- Main tasks: Identify negative cases and carry out simple classification of positive cases based
on the Bethesda System after cytological assessments by the online artificial intelligence

system.
Cytopathologists

- Main tasks: Review all positive cases and 10% of negative cases (randomly selected) classified
by diagnostic health workers, and sign reports of the results.

to relevant health services for women
in underdeveloped areas who have lim-
ited screening coverage; alleviate some
of the health inequities these women
face; and contribute to the achievement
of universal cervical cancer screening
coverage and cervical cancer elimination
goals in China. In this paper, we describe
this technology-based service-delivery
model and evaluate its success in terms
of: programme sustainability (number
of women screened annually in differ-
ent cities); performance (number of
women with confirmed diagnoses and
some important indicators of screening
outcomes, such as number of inadequate
and positive slides); and costs for the
technology provider and public payer.
We also discuss the challenges encoun-
tered in the implementation of this
programme and the strategies developed
to overcome these issues.

Methods
Study setting and preparation

We first implemented our screening
programme among rural women of low
socioeconomic status and gradually
expanded it to urban women in Hubei
Province, China, from 2017 to 2021.
Hubei Province has 36.32 million urban
residents and 21.43 million rural resi-
dents, and 12.67 million women aged 35
to 64 years are eligible for cervical cancer
screening.” In the screening, all women
are initially evaluated using cytology,
and women with abnormal cytology
results are referred for colposcopy-di-
rected biopsies, if necessary.

This screening programme was
established through an open-tender
process to select a screening contractor
and technology provider. The Landing
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Institute in Wuhan (hereafter called
Landing), which is certified to perform
cytological and histopathological di-
agnosis and has an online cytological
assessment system using artificial intel-
ligence, won the tender in 2017. Screen-
ing can be performed in areas where
mobile telephones can receive fourth-
generation (4G) mobile communication
technology signals, which allow screen-
ing data to be sent through the network.
By the end of 2016, all administrative
villages and urban households in Hubei
Province had full 4G network coverage.

Before implementation of the pro-
gramme, we conducted a situational
analysis of the routes to screening
services and the referral routes for treat-
ment for women with positive cytology
results. Landing, local health centres,
and maternal and child health hospitals
were the main screening service provid-
ers. Local health centres, which may
have a gynaecology department, are
distributed in villages and urban com-
munities and provide primary health
care. Local maternal and child hospitals,
generally one for each county and city,
are secondary or tertiary hospitals dedi-
cated to providing comprehensive health
care to all women, infants and children
in the region.

We also established partnerships
with local health commissions and
women’s federations. These groups and
the local health centres in cities across
Hubei Province typically conduct
screening mobilization in rural and
urban communities each year between
January and March. Through on-site
meetings and online announcements,
women were informed about cervical
health, the importance of early preven-
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tion and screening, the time and place of
screening, the factors to consider before
screening (for example, ideally not to
screen during menstruation) and the
tests offered to women in the screening.
Women also received short messages on
their mobile telephones reminding them
to participate in the screening. Around
September each year, women in villages
and communities with insufficient par-
ticipation in the cytology-based screen-
ing, as determined by aggregated screen-
ing data, were mobilized once more.

Health workers

We assigned four types of trained health
workers to conduct the cytology-based
screening: sampling health workers;
slide preparation technicians; diagnostic
health workers; and cytopathologists
(Box 1). These health workers mostly
came from local health centres, mater-
nal and child hospitals, and Landing,
and were their regular medical staff.
Landing undertook the training of the
health workers in the use of the screen-
ing system.

The sampling health workers from
rural and urban health centres were
assigned to collect and fix cervical
exfoliated cells for the women being
screened. Local maternal and child
health hospitals in urban areas provided
urban women with access to sampling.
Given that some trained sampling
health workers in local health centres
may lack proficiency and experience in
sampling, particularly in rural health
centres, the local maternal and child
health hospital can send someone to
help with the sampling process. Slide
preparation technicians used specific
devices for slide coding and slide prepa-
ration for liquid-based cytology. The
trained diagnostic health workers were
assigned to identify negative cases, and
classify the cases with abnormalities
based on the Bethesda System after the
cytological assessment using online
artificial intelligence had been done.
Trained cytopathologists then reviewed
the positive cases and their classification,
and checked a random 10% of cases clas-
sified as negative by diagnostic health
workers for quality control.

The sampling health workers were
employed full-time at local health cen-
tres or maternal and child health hospi-
tals, where they oversaw the provision of
daily health-care services to residents of
a specific area; sampling women in the
area was a regular part of their work.
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The salaries of these health workers were
paid by different medical institutions.
Landing employed the diagnostic health
workers, slide preparation technicians
and some of the trained cytopathologists
on a full-time basis. Other cytopatholo-
gists were from large hospitals, such as
Tongji Hospital and Union Hospital in
Wuhan. These cytopathologists were
paid by Landing based on the number
of cases they diagnosed online in their
spare time; these cytopathologists un-
dertook this work to supplement their
income.

All of the health workers had previ-
ously received medical education train-
ing, but no formal training in online
cytological assessment using artificial
intelligence. The sampling health work-
ers attended a 1-day screening meeting
and training on sampling standards.
Slide preparation technicians were
proficient in liquid-based cytology slide
preparation before joining Landing,
and required no additional training
after joining the screening programme.
Senior pathologists employed by Land-
ing provided all diagnostic health
workers with 2-3 weeks of specialized
training on digital cytological assess-

ment, including: grading criteria of the
Bethesda System and the Papanicolaou
test; procedures for differentiating
between negative and positive cases by
reviewing digital cell images online;
and the online operational workflow.
The cytopathologists did not require
medical skills training, but had 3-5 days
of training on the operation of online
cytological assessment and issuing of
reports. Courses for the diagnostic
health workers were held at the Landing
facilities; other training was held at the
workplace of the health workers. All the
health workers were supervised through
an online screening management plat-
form (Landing, Wuhan, China), as the
data generated at each step of their
operation was recorded.

Implementation

The implementation of the screening
programme had four phases: sampling,
prediagnostic preparation, cytology-
based assessment and treatment for
positive cases (Fig. 1).

Each city in Hubei Province de-
veloped its own screening workplan.
In accordance with this workplan, the
sampling health workers took samples
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from women who signed consent forms
at local health centres or maternal and
child health hospitals over the screen-
ing period, usually 1 week or more.
First, they used a networked identity
card reader to capture women’s identity
information and archive it in the online
screening management platform. Each
woman was assigned a unique quick re-
sponse (QR) code that could be scanned
with a mobile device, such as a smart-
phone or tablet, to access her online
cytological assessment report. Next, the
sampling health workers collected and
fixed the exfoliated cervical cells and
arranged for their transport to Landing’s
Wuhan laboratory. For women in vil-
lages or communities who had difficulty
travelling to the centres, sampling health
workers were taken by bus to provide a
door-to-door sampling service.

After specimens from the sampling
facilities arrived at the laboratory, the
slide preparation technicians prepared
slides for liquid-based cytology. Then,
the slides were loaded into fully au-
tomated scanners (Landing, Wuhan,
China) for scanning and digital cell
image uploading. The QR code on each
slide was used to match it with the

Fig. 1. Flowchart of processes in the online cervical cancer screening programme, by phase, Hubei Province, China, January 2017-

December 2021

Local health centres
Local maternal & child health

Online screening management

Local maternal & child health

hospitals Landing laboratory platform hospitals
| | | |

Sampling Pre-diagnosis preparation Cytology-based diagnosis Treatment for positive cases

) ) ] - Negative?
> Women signed consent forms Slide preparation technicians Slide quality evaluations and > (ytological reports
! _p| Codedandstainedslides,and | | cytology assessment were done 3
; loaded slides into automated using the using artificial :
scanners intelligence system - ;
; Positive® |
Sampling health workers recorded ) Diagnostic health workers Normal
‘ women s information and Slides were scanned by confirmed negative cases and Colposcopy or colposcopy- | o
assigned them a unique identifier automated scanners classified positive cases with directed biopsies :
(QR code) l abnormal segments
l ¢ Abnormal
Digital cell images were Cytopathologists reviewed all
. uploaded to the online positive cases and 10% of
| Sampling health workers collected | | screening management | negative cases and signed reports |- 3
and fixed exfoliated cervical cells platform of the results Surgery '
QR: quick response.
¢These electronic reports could be accessed by the women online.
®These paper reports needed to be picked up by the women at a designated health centre.
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woman recorded in the system. In some
cities, a sub-laboratory was established
with the help of Landing, which enabled
slide preparation and data uploading lo-
cally. Furthermore, a portable hand-held
automated scanner (Landing, Wuhan,
China) could be sent to remote villages
or communities so that data could be
uploaded to the online screening man-
agement platform immediately after
sampling. This strategy was used to
overcome the difficulty and high cost of
preserving and transporting specimens
in remote villages or communities with
few women.

After scanning the samples, the
online artificial intelligence system
evaluated the adequacy of the slides and
made an initial cytological assessment.
Women whose samples were considered
inadequate needed to be resampled;
samples that were adequate were clas-
sified as negative (negative for intraepi-
thelial lesion or malignancy) or positive.
All samples read by the online artificial
intelligence system were reviewed by
the diagnostic health workers. These
health workers logged into the screening
management platform to identify nega-
tive cases and classify positive samples
based on the Bethesda System.

The main task of the cytopatholo-
gists was to confirm or adjust the clas-
sification of samples with abnormalities,
and to sign the reports of the results on
the screening management platform.
For quality control, the cytopathologists
also reviewed 10% of the negative sam-
ples (randomly selected) that had been
classified by the diagnostic health work-
ers. The report was available between 1
and 10 days after the specimen arrived
at the Landing laboratories. Women
with a negative diagnosis could directly
view their report online using WeChat
(Tencent, Guangzhou, China) on their
mobile telephone devices and they were
placed on a list for the next cycle of the
screening programme.

Women with positive samples could
not view their report online; instead,
they were sent a message informing
them of a possible abnormal diagnosis
and the place where they could obtain
their paper report. Landing sent the pa-
per reports of cytological abnormalities
to the local health centre, or maternal
and child health hospital in the area
where the women with positive samples
lived. When the women picked up their
reports, they were told where they could
obtain a free re-examination - usually
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at the local maternal and child hospital.
Women were classified as requiring a
colposcopy-directed biopsy if their phy-
sicians recommended a biopsy during
re-examination.

We calculated the cost of the screen-
ing programme from two perspectives:
the public payer (provincial government
finance department) and the technology
provider (Landing).

Technology

The technology and devices we used
for screening were able to meet our
screening demands. A fully automated
scanner in the laboratory can load
200 slides at a time, and automatically
change slides in sequence to scan and
upload data to the online screening
management platform. Each slide took
fewer than 2 minutes to be scanned
by the scanner and the data uploaded
to the online system for cytological
assessment using the online artificial
intelligence system, and a single
scanner could process 1000 slides a
day. With 50 networked automated
scanners, the Landing laboratory was
able to perform around 30 000 high-
throughput cytological assessments a
day with an average diagnostic time
of 1.5 minutes per sample, which is
equivalent to the maximum workload
of a pathologist for a year with quality
assurance and error avoidance.”>* A
portable hand-held scanner can only
load one or two slides at a time, but
it scans and uploads with the same
performance as the laboratory scanner.
In addition, the diagnostic output
within a certain time could be increased
by adding more scanners or opening a
sub-laboratory elsewhere with these
networked devices.

The accuracy of the online
cytological assessment system aided by
artificial intelligence has been improving
as cell images of screened women have
gradually accumulated in the digital cell
image library. Landing ran well-defined
cell data through the system at many
different times to improve the accuracy
of the identification of slides as negative,
positive or inadequate.”*?” On the basis
of the Bethesda System, negative meant
negative for intraepithelial lesion or
malignancy, and the rest of the grades
were positive. Inadequate slides had
fewer than 5000 epithelial cells in the
field of view, a large accumulation
of cells or a blurred background,
typically because of irregular sampling
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procedures. Adequate slides generated
high-definition microelectronic cell
images, and were given a comprehensive
score based on over 1000 indicators
analysed by the online artificial
intelligence system. The 20 most likely
abnormal segments were selected
for diagnostic health workers and
cytopathologists to review.

The online screening management
platform, which was built on AliCloud
(Alibaba, Hangzhou, China), synchro-
nized screening results between the
network and mobile device software.
China’s Ministry of Public Security has
certified this platform as a National
Information Security Classified Protec-
tion Level 3. This rating is the highest
level of national certification for the
information security management
capabilities of non-banking institu-
tions. The diagnostic health workers
and cytopathologists used the account
and password given by Landing to log
into the platform and review the slides.
Only the case number, age, current as-
sessment result and a panoramic view
of the cell images were displayed during
the review. Information that could be
used to identify an individual was en-
crypted. The diagnostic health workers
and cytopathologists completed their
online reviews on their work computers
or mobile devices (smartphones, tablets,
laptops or personal computers) without
compromising confidentiality because
of the protection within the system and
professional ethical conduct.

Data extraction

With the assistance of Landing, we ex-
tracted data from the online platform
into an Excel (Microsoft, Redmond,
USA) spreadsheet for data integration
and analysis. The data we obtained and
analysed were big data and any informa-
tion on the women’s identities was re-
moved. Information about patient safety
and confidentiality was the responsibil-
ity of the medical service providers. We
also used Excel to record and quantify
some information management indica-
tors for the screening programme.

Ethical considerations

This study of health information
management was considered exempt
from ethical review and all women
provided informed consent for the
use of their data. Before samples were
taken, women signed a written informed
consent form which noted that their
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samples could be used in big data
studies. The data we obtained for this
study did not include any sensitive
information such as women’s identity
or human tissue.

Results

A total of 1 518 972 eligible women who
signed consent forms participated in the
programme in 16 cities of Hubei Prov-
ince between 2017 and 2021 (Table 1).
Of these women, 44 184 (2.91%) had
inadequate samples and could not be
classified, 1 388 140 (91.39%) had no
abnormalities on cytological assessment
and 86 648 (5.70%) were classified as
positive (Table 2). Of the women with
positive diagnosis, 30 486 were recom-
mended to have a colposcopy-directed
biopsy but only 19 495 (63.95%) had
the procedure (Table 2). Of the women
who had a biopsy, 2785 were diagnosed
with cervical precancerous lesions and
191 with infiltrating cervical cancer
(Table 2).

The cost of the screening pro-
gramme for the public payer was 6.31
United States dollars (US$) per woman,
including administration and screening
costs (Table 3). The screening fee was
paid as a package by the public payer
to Landing. The other health service
providers involved in the screening also
shared the cost based on the actual work
done. Most of this fee was intended to
cover the various screening services pro-
vided by health workers to the women.
From the perspective of Landing, the
technology provider, the project imple-
mentation costs also included training
for three types of health worker which
is not covered by traditional screening
services, including US$ 29.34 per person
for the training of 3174 sampling health
workers, US$ 293.40 per person for the
training of 100 diagnostic health work-
ers and US$ 440.10 per person for the
training of 40 cytopathologists. The costs
to Landing also included US$ 0.07 per
specimen for transport (Table 3).

Discussion

Our online cervical cancer screening
programme aided by artificial intelli-
gence was successful in several ways. The
low cost, high quality and quick results
of the online cytology-based screening
were beneficial to large numbers of
women. The programme increased the
efficiency of data acquisition and track-
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Table 1. Number of women screened for cervical cancer through the online screening
programme, by city and year, Hubei Province, China

City No. of women screened
2017 2018 2019 2020 20271° Total

Enshizhou 90 260 51345 74 485 45034 NA 261124
Ezhou 3913 2377 7254 2849 NA 16 393
Huanggang 69 821 55882 67138 45369 745 238955
Huangshi 6219 6371 12821 9163 1940 36514
Jingmen 16 326 14 654 20850 13274 121 65225
Jingzhou 24 489 21943 37977 21678 NA 106 087
Qianjiang 2739 9179 7502 5894 NA 25314
Shennongjia 79 1538 1166 704 902 4389
Shiyan 39707 50310 69 229 33147 13328 205721
Suizhou 11886 16 576 18819 13576 28 60 885
Tianmen 4109 3192 9302 5414 6 466 28483
Xiangyang 24 254 20554 22006 20168 7554 94 536
Xianning 8746 32396 41543 19266 12840 114791
Xiantao 4689 2530 8809 5368 NA 21396
Xiaogan 34030 17188 36534 19974 2630 110 356
Yichang 28 830 27040 40446 23372 9115 128 803
Total 370097 333075 475 881 284250 55669 1518972

NA: not applicable.

@ Cities with NA had met their cytology-based screening coverage targets ahead of schedule.

Table 2. Outcomes of the online cervical cancer screening programme, Hubei Province,
China, January 2017-December 2021

Outcome

Women screened
(n=1518972)

Diagnosis on initial cytology screening, no. (%)

Negative for intraepithelial lesion or malignancy
Atypical squamous cells of undetermined significance

Low grade squamous intraepithelial lesion

Atypical squamous cells, cannot exclude high-grade squamous

intraepithelial lesion

High-grade squamous intraepithelial lesion
Atypical glandular cells

Total positive samples

Inadequate samples

1388 140
60029
21045

3401

91.39)
3.95)
1.39)
0.22)

2148 (0.14)
25 (<0.00)
86648 (5.70)
44184 (2.91)

Result of examination of women with positive samples, no.

Women who needed a colposcopy-directed biopsy

Confirmed diagnosis, no.

Women with a colposcopy-directed biopsy
Women with cervical precancerous lesions
Women with cervical infiltrating cancer

30486

19495
2785
191

ing in the initial cytology-based screen-
ing, reduced reliance on a large number
of cytopathologists and had a high par-
ticipation rate. However, the programme
encountered several challenges, such as:
the difficulty for some women to travel
to the sampling facilities; the inadequate
sampling proficiency of sampling health
workers at local health centres; the high
workload of reviewing negative cases;
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and the difficulty in specimen conserva-
tion and transportation for remote areas
with few women. We developed some
mitigation strategies that were success-
fully applied during the programme and
have continued until now (Box 2).
Because of a lack of funding for
development, diagnostic facilities and
qualified medical staff, local health centres
are often underused*** and not trusted®

385



Research
Cervical cancer screening, China

Table 3. Cost of online cervical cancer screening programme, Hubei Province, China

Service or goods Cost, US$

Total for the programme Per person
For the public payer
Administration? 1564 541.16 1.03°
Online screenings by the technology provider® 8020172.16 5.28°
For the technology provider
Training for sampling health workers 93125.16 29.344
Training for diagnostic health workers 29 340.00 293.40¢
Training for cytopathologists 17 604.00 440.10
Specimen transport 106 328.04 0.07°

USS: United States dollars.

2 Includes organization, advocacy and management of digital screening archives.

® Total number of women screened was 1518 972.

¢ Includes liquid-based cytology slide preparation, ThinPrep cytological test reports, re-examination and
biopsies.

9 Total number of trained sampling health workers was 3174.

¢ Total number of trained diagnostic health workers was 100.

" Total number of trained cytopathologists was 40.

Note: The technology provider was Landing Artificial Intelligence Industry Research Institute, Wuhan, China.

Box 2. Measures used to mitigate challenges to the online cervical cancer screening
programme, Hubei Province, China, January 2017-December 2021

- Establishment of sub-laboratories outside of Wuhan. We reached agreements with some
local maternal and child health hospitals to set up laboratories with devices linked to the
online screening platform, which allows the hospitals to perform the same procedures as
the Landing laboratory in Wuhan.

- Use of portable hand-held automated scanners. The technology provider (Landing Artificial
Intelligence Industry Research Institute) developed a hand-held version of the automated
scanner. This scanner is less efficient than the laboratory version, but it was used in remote
areas where there were few women so that their data could be uploaded to the screening
management platform immediately after sampling. This measure allowed these women
to be included in the screening, and reduced the cost of sample transportation to Wuhan
for diagnosis.

- Deployment of the sampling bus. The Landing Artificial Intelligence Industry Research
Institute deployed this bus to provide safe, door-to-door sampling services for women who
had difficulty travelling to sampling centres. The bus had the same standardized operating
environment as the sampling centres.

- Deployment of trained sampling health workers from local maternal and child hospitals to
local health centres. These health workers were sent to assist the sampling health workers
at the local health centres who were inexperienced in sampling.

- Deployment of trained diagnostic health workers. The work of the diagnostic health
workers was a full-time job that focused on detecting all negative samples using cytological
assessments aided by artificial intelligence, and classifying positive cases based on the
Bethesda System. The use of these diagnostic health workers led to a substantial reduction
in the work of the cytopathologists who would otherwise have had to review the large
number of negative samples.

in China. However, because they provide
long-term routine health care to targeted
women in the community or village
and thus have a good foundation for
interaction with the population, sampling
at local health centres as the first stage
of the screening process may increase
women’s participation in cytology-based
screening.* We arranged for local maternal
and child health hospitals to assist the less
skilled and experienced health workers
at local health centres in completing
the sampling. This approach allowed

386

local health centres to improve their
service skills while also receiving some
financial assistance through the public
payment channel; it also gave women the
opportunity to access screening services
near their homes.

The use of effective cytology as-
sessment algorithms with good per-
formance to replace cytopathologists
in mass cytological assessment was an
important factor in the success of our
programme (Fig. 2). Previous studies
have shown that the online cytological
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assessment system aided by artificial
intelligence that we used had a 5.8%
better sensitivity than humans in iden-
tifying cervical intraepithelial neoplasia
grade 2 and above.”” A multicentre clini-
cal trial reached a similar conclusion
and provided additional findings, for
example, that the specificity of artifi-
cial intelligence was higher than that
of experienced cytopathologists while
maintaining the same sensitivity, and
that both the sensitivity and specificity
of artificial intelligence were higher than
with less experienced cytology physi-
cians.” Artificial intelligence-enabled
methods are also consistent in quality,*
and offer a significant advantage over
cytopathologists in traditional screen-
ing who need to maintain the quality
of their diagnostic skills and avoid er-
rors.”>*® Of the women screened, only
5.70% had positive samples; for cyto-
pathologists to find these positive cases
would take more time or would be more
labour-intensive. However, in our online
cytological assessments, the diagnostic
health workers reviewed a sample in
an average of 10-12 seconds, which
allowed them to evaluate 2500-3000
samples a day.

Noteworthy is that online cyto-
logical assessment using artificial intel-
ligence can only be used as a reference
for diagnosis, and the final diagnostic
report must still be reviewed by a cyto-
pathologist. If cytopathologists were still
assigned to review the large number of
negative cases and potential false posi-
tives,”>*”* their workload would not be
reduced. What we hoped by implement-
ing this type of cytological assessment
was that experienced cytopathologists
would be able to focus on interpreting
both uncomplicated and difficult posi-
tive cases that arose from the screening,
and that large populations in resource-
constrained areas would be able to ac-
cess good-quality screening services. We
achieved this aim by positioning full-
time trained diagnostic health workers
between the cytological assessment and
cytopathologists’ reviews.

If local computing resources are
constrained, completing cytological
assessments of large populations might
be time-consuming. We therefore made
the running of the algorithms dependent
on a reliable online platform to obtain
the required computing power and
achieve simultaneous processing of case
data.” In Hubei Province, where the 4G
network is widespread, pending cases

Bull World Health Organ 2023;101:381 —390' doi: http://dx.doi.org/10.2471/BLT.22.28906 1
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could be uploaded in time for automatic
processing as long as the data upload
terminals were in a location where they
could connect to the network; demands
for data downloads could also be met at
any time (Fig. 2).

The screening programme had
cost advantages for the public payer
and the cost per woman was low. Since
there are economies of scale associated
with this standardized, batched and
automated screening service using
artificial intelligence, this low cost per
woman can be further reduced as the
number of women screened continues
to increase.*

Concerns have been raised that
the use of emerging information and
communication technologies may
not facilitate coverage of new health
services, but rather exacerbate health
inequalities for vulnerable groups
such as elderly people, rural dwellers
and those of lower socioeconomic
status.”* However, we designed our
programme to use such technologies
to both increase access to screening
services for vulnerable groups of women
(Fig. 2) and ensure the stability of the
programme during the coronavirus
disease 2019 (COVID-19) pandemic.
Specifically, several types of networked
automated scanners provided greater
flexibility and speed in collating data
on the women and the samples. Since
the online platform synchronized
data generated and uploaded by any
terminal device in the system, we
could easily access data on screening
progress, diagnostic operations,
quality control and screening archives
for administrative supervision and
evaluation. Most importantly, the use
of the online artificial intelligence
system, diagnostic health workers and
cytopathologists enabled successful,
rapid and quality-assured cytological
assessments. Even though COVID-19
affected some of the planned work on
site, we took steps to mitigate these
issues. We used online announcements
and short message notifications to
encourage women’s participation in the
screening, while on-site meetings were
mostly postponed. Appointments for
sampling and treatment were arranged
online to limit the number of women
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Fig. 2. Enabling factors of the online cervical cancer screening programme, Hubei
Province, China, January 2017-December 2021

Steps

Enabling factors

Sampling

management platform.

« QR code generated for each woman in the screening system as a unique identifier.
- Digital screening archives set up for women on the online integrated screening

« Widespread 4G network.

Pre-diagnosis

- Automatic capture and batch upload of women's identifiers and digital high-definition
microscopicimages of cervical cells.

« Deployment of portable networked automatic scanners for timely uploading of data
from women screened in remote areas.

« Widespread 4G network.

« Automatic high-throughput online cytological assessment using artificial intelligence.

« Online review of cases by diagnostic health workers and cytopathologists.

- Visualization and conservation of diagnostic records, processes, reports and archives on
the online integrated screening management platform.

« Negative reports accessed directly by women on their mobile devices.
« Follow-up results of cytology-positive cases documented on the online integrated

Cytology-based
diagnosis
« Widespread 4G network.
Report generation
and follow-up screening management platform.

« Widespread 4G network.

4G: fourth generation; QR: quick response.

who could attend on-site services each
day.

Our study has some limitations.
No standard measures were in place for
women whose slides were considered
inadequate. Some women were called
immediately and successfully resampled,
while others, especially rural women,
were unable to complete the resampling
because they were often moving to find
work. Some women who were notified
were resampled several months later.
Inadequate samples are unavoidable
because of sampling errors, so it is
important that resampling for women
with such samples is officially planned.

Women with cervical precancerous
lesions and cancer in low- and middle-
income countries are often unsupported
without timely detection. In accordance
with WHO’s goal of eliminating cervical
cancer and China’s campaign for
universal coverage of cervical cancer
screening, we have shown that an online
service-delivery system using artificial
intelligence can provide increased

Bull World Health Organ 2023;101:381-390| doi: http://dx.doi.org/10.2471/BLT.22.289061

access to screening for poor, remote and
migratory women. The efficient design of
such systems requires a comprehensive
approach that includes the use of
digital technologies, the training and
monitoring of health workers, the
support of local government agencies
and effective plans for implementation
of screening.

Future research should focus on:
evaluation of the programme’s key
technologies and workforce deployment;
addressing any problems with this new
screening model; and exploration of the
potential integration of other services
using computer technology. H
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Résumé

Dépistage du cancer du col de I'utérus assisté par intelligence artificielle en Chine

Objectif Déployer et évaluer un programme en ligne de grande
envergure destiné au dépistage du cancer du col de I'utérus dans la
province du Hubei, en Chine, reposant sur l'intelligence artificielle et
mis en ceuvre par des agents de santé formés a cet effet.

Méthodes Le programme de dépistage, qui a débuté en 2017
s'appuyait sur quatre types d'agents de santé: des agents chargés de
prélever les échantillons, des techniciens chargés de préparer les lames,
des agents chargés d'établir le diagnostic et des cytopathologistes. Les
premiers ont prélevé des échantillons auprés des femmes sur place, les
deuxiemes ont préparé les lames pour la cytologie en phase liquide, les
troisiemes ontidentifié les échantillons négatifs et classé les échantillons
positifs selon le systeme de Bethesda apres analyse cytologique a l'aide
d'une intelligence artificielle en ligne, tandis que les cytopathologistes
ont examiné les échantillons positifs et signé les rapports de résultats
en ligne. Le programme était constitué de scanners entierement
automatisés, d'une intelligence artificielle en ligne, d'une plateforme
de gestion du dépistage en ligne, ainsi que d'appareils de téléphonie

mobile pour les services de dépistage. Nous avons évalué la viabilité,
les performances et le co(it d'un tel programme.

Résultats Entre 2017 et 2021, 1 518 972 femmes résidant dans 16
villes de la province du Hubei ont participé au programme, et 1 474
788(97,09%) d'entre elles ont présenté des échantillons valides pour le
dépistage. Sur les 86 648 femmes dont les échantillons se sont révélés
positifs, 30 486 ont eu besoin d'une biopsie, mais seulement 19495 en
ont effectué une. La biopsie a montré que 2785 femmes présentaient
des Iésions précancéreuses et que 191 étaient atteintes de cancers
invasifs. Le co(it du dépistage s'élevait a 6,31 dollars américains (USD)
par femme pour le payeur public: 1,03 USD pour les frais administratifs
et 5,28 USD pour le dépistage en ligne.

Conclusion Le dépistage du cancer du col de I'utérus assisté par
intelligence artificielle dans la province du Hubei est un service
abordable, accessible et efficace, qui contribuera a garantir une
couverture universelle en la matiére dans le pays.
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Pesiome

CKpUHMHroBoe 06c/iefoBaHMe paka WenKn MaTKy C MOMOLLbIO CKYCCTBEHHOTO UHTeNeKTa, Knutaii

Llenb Peanu3oBaTb 1 OLEHWTb WIMPOKOMACIITAOHYIO OHMANH-
nporpaMmMy CKPMHWHIOBOTO 06CNefoBaHNsA paka WeNKA MaTK1 C
MCMONb30BaAHMEM UCKYCCTBEHHOTO VHTENNEKTa 1 NpuBnedYeHnem
00yUeHHbIX COTPYAHMKOB Chepbl 3APaBOOXPAHEHNA B NPOBUHLM
Xy631, Kntai.

MeTtoab! B HauasLenca B 2017 rogy nporpamme CKPUHUHIOBOTO
obcneaoBaHMA y4acTBOBaNM YeTblipe TvNa COTPYAHMKOB cdepbl
3APaBOOXPAHEHNA: MeONLIMHCKME PabOTHWKM, OCYLLEeCTBAAOLIME
0TO0P 06PaA3L0B, TEXHNKM, 3aHMMAIOLLUECS NPUTOTOBIEHUEM
MUKPOCKOMMYECKNX Npenapatos, AMArHOCTbl 1 LUTONOMN,
MeanumnHCcKre paboTHUKM, oCyllecTBAsALMe 0TOop 00pa3LoB,
6panv 06pa3Lbl y *KeHLLWH B UCCNeN0BATENbCKIMX LIEHTPAX; TEXHUKN,
3aHMMaIoLLMECH MPUTOTOBMEHNEM MUKPOCKOMUUECKIX MPEnapaTos,
rOTOBUAM MUKPOCKOMMYECKMe npenapatsl Ana NpoBefeHus
XKUAKOCTHOW LUTONOTMW; AMArHOCTbl Onpefenanv oTpuuatensHble
06pasLbl 1 KNACCMPULUMPOBANX NONOXKUTENbHbIE 0OpPa3Lbl Ha
OCHOBe KnaccuduKaLmm betecaa nocne LUTONOMMUYECKOM OLIEHKM C
MCMOSBb30BAHUEM UCKYCCTBEHHOMO VHTENNEKTa B PeXKMME OHMalH;
LMTONOM M 13yYani MONOKMTENbHbIE 06Pa3Lybl M MOANMCHIBANM OTYETb
0 pe3ynbraTax B PeXumMe oHnaliH. B nporpamme 1MCronb3oBanich:
MOJHOCTBIO AaBTOMATU3MPOBAHHbIE CKaHEePbl, OHMAH-UCKYCCTBEHHDIN

WNHTENNEKT, OHMNANH-NNaTdopMa YyNpaBaeHnUsa CKPUHUHIOBBIM
obcnenoBaHnem 1 MObunbHble TenedoHHbIe YCTPOMCTBA ANd
npefoCTaBNeHNA YCAyr CKPUHMHIA. [1pOBOAMNACh OLUeHKa
YCTONYMBOCTY, SOHEKTUBHOCTYM 11 CTOMMOCTY MPOTrPaMMbI.
Pesynbratbl C 2017 no 2021 rof B nporpammMe NPUHANK yyactve
1518 972 xeHWWHbl B 16 ropofax nposuHuUMmM Xy631, 13
KoTopbix y 1474 788 (97,09%) nmenvcb AOCTOBEPHbIE 0OPa3Lbl
ANA CKPYHWHroBOro obcneaoBaHma. 13 86 648 XeHLnH, Ubk
0bpasLbl OKazanucb nonoxutenbHsiMK, 30 486 NoTpeboBanachk
6uoncua, Ho nposenu ee Tonbko 19 495, Mo pesynbraTam
6rioncun y 2785 XeHWKWH 6binn 0OHapy»KeHbl Npeaonyxonesble
coctoaHna, ay 191 — MHBa3MBHbIM pak. CTOMMOCTb CKPUHUHIOBOrO
obcnenoBaHvis coctasnana 6,31 gonn. CLUA (USS) Ha ofHy eHLLnHY
ana topuandeckoro nnua: 1,03 gonn. CLUA Ha agMUMHUCTPaTUBHbBIE
pacxoabl 1 5,28 ponn. CLIA Ha CKpuHMHroBOEe 0bCnefoBaHmne B
pexnme OHNanH.

BboiBog CKpUHMHIOBOE 0OCNefoBaHMe paka LWenKN MaTKu C
MCNOMb30BaHUEM UCKYCCTBEHHOMO MHTENNEKTa B MPOBUHLMM X631
npefocTaBn HEAOPOTYIO, JOCTYMHYIO Y SQGEKTUBHYIO YCayry,
KoTopas OyaeT CnocobCcTBOBaTb AOCTUKEHMIO BCEOOLIEro oxBaTa
HaceneHusa ycnyramm CKpUHUHIA paka ek MaTku B KnTae.

Resumen

Deteccion del cancer del cuello uterino con ayuda de la inteligencia artificial en China

Objetivo Implementary evaluar un programa de deteccién del cancer
del cuello uterinoen linea a gran escala en la provincia de Hubei (China),
con el apoyo de la inteligencia artificial y a cargo de trabajadores
sanitarios formados.

Métodos El programa de deteccién, que comenzé en 2017, utilizd
cuatro tipos de trabajadores sanitarios: trabajadores sanitarios de
muestreo, técnicos de preparacion de portaobjetos, trabajadores
sanitarios de diagndstico y citopatélogos. Los trabajadores sanitarios
de muestreo tomaban muestras de las mujeres in situ, los técnicos
de preparacion de portaobjetos preparaban los portaobjetos para la
citologia mediante liquidos, los trabajadores sanitarios de diagndstico
identificaban las muestras negativas y clasificaban las muestras positivas
segun el Sistema Bethesda tras la evaluacién citolégica mediante
inteligencia artificial en linea, y los citopatélogos revisaban las muestras
positivas y firmaban los informes de los resultados en linea. El programa
utilizé escaneres totalmente automatizados, inteligencia artificial en

linea, una plataforma de gestién de la deteccion enlinea y dispositivos
de telefonia mévil para proporcionar servicios de deteccion. Se evaluaron
la sostenibilidad, el rendimiento y el coste del programa.

Resultados Entre 2017 y 2021, 1 518 972 mujeres de 16 ciudades
de la provincia de Hubei participaron en el programa, de las que
1474788 (97,09%) tenian muestras validas para la deteccion. De las
86 648 mujeres cuyas muestras dieron positivo, 30 486 necesitaron una
biopsia, pero solo 19495 se sometieron a ella. La biopsia mostré que
2785 mujeres tenfan lesiones precancerosas y 191 canceres invasivos.
El coste de la deteccién fue de 6,31 ddlares estadounidenses (USS)
por mujer para el organismo publico pagador: USS$ 1,03 de costes
administrativos y US$ 5,28 de costes de deteccion en linea.
Conclusién La deteccion del cancer del cuello uterino mediante
inteligencia artificial en la provincia de Hubei proporciond un servicio
de bajo coste, accesible y eficaz, que contribuird a lograr la cobertura
universal de deteccion del cancer del cuello uterino en China.
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